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Pediatric renovascular hypertension: 132 primary
and 30 secondary operations in 97 children
James C. Stanley, MD,a Enrique Criado, MD,a Gilbert R. Upchurch, Jr, MD,a Patrick D. Brophy, MD,b
Kyung J. Cho, MD,c and John E. Rectenwald, MD,a for the Michigan Pediatric Renovascular
Group,* Ann Arbor, Mich
Purpose: This study was undertaken to characterize the contemporary surgical treatment of pediatric renovascular
hypertension.
Methods:A retrospective analysis was conducted of the clinical data of 97 consecutive pediatric patients (39 girls, 58 boys),
aged from 3months to 17 years, who underwent operation at the University of Michigan from 1963 to 2006. All but one
patient had refractory hypertension not responsive to contemporary medical therapy. Developmental renal artery stenoses
accounted for 80% of the renal artery disease, with inflammatory and other ill-defined stenoses encountered less
frequently. Splanchnic arterial occlusive lesions affected 24% and abdominal aortic coarctations, 33%.
Results: Primary renal artery operations were undertaken 132 times. Procedures included resection beyond the stenosis
and implantation into the aorta in 49, renal artery in 7, or superior mesenteric artery in 3; aortorenal and iliorenal
bypasses with vein or iliac artery grafts in 40; focal arterioplasty in 10; resection with reanastomosis in 4; operative
dilation in 4; splenorenal bypass in 2; and primary nephrectomy in 13 when arterial reconstructions proved impossible.
Bilateral renal operations were done in 34 children, and 17 underwent celiac or superior mesenteric arterial reconstruc-
tions, including 15 at the time of the renal operation. Thirty patients underwent abdominal aortic reconstructions with
patch aortoplasty (n  19) or thoracoabdominal bypass (n  11). Twenty-five of the aortic procedures were performed
coincidently with the renal operations. Thirty secondary renal artery procedures were done in 19 patients, including nine
nephrectomies. Hypertension was cured in 68 children (70%), improved in 26 (27%), and was unchanged in three (3%).
Follow-up averaged 4.2 years. No patients required dialysis, and there were no operative deaths.
Conclusion: Contemporary surgical treatment of pediatric renovascular hypertension emphasizes direct aortic implanta-
tion of the normal renal artery beyond its stenosis and single-staged concomitant splanchnic and aortic reconstructions
when necessary. Benefits accompany carefully executed operative procedures in 97% of these children. (J Vasc Surg 2006;
44:1219-29.)Renal artery occlusive disease is an important but very
uncommon cause of hypertension in children. Pediatric
renovascular hypertension, when unrecognized and un-
treated, has been associated with serious complications,
including hemorrhagic stroke, hypertensive encephalopa-
thy with impaired mental development, and failure to
thrive. Poorly controlled hypertension may result in left
ventricular hypertrophy and severe diastolic dysfunction.
In addition, flash pulmonary edema associated with renal
insufficiency may occur when the entire renal mass is in-
volved. All of these sequelae were observed among the
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Pediatric renal artery stenoses represent a wide spec-
trum of heterogeneous diseases, although developmental
anomalies—often with concomitant narrowings of the
splanchnic arteries and the abdominal aorta itself—aremost
common. The impetus for the present report was to docu-
ment our experience, which in contemporary times has
included more complicated disease requiring complex sur-
gical interventions.
METHODS
Patients and clinical manifestations. Between 1963
and 2006, 97 consecutive children with sustained hyper-
tension caused by renal artery occlusive disease underwent
operation at the University of Michigan Medical Center
(University Hospital and Mott Children’s Hospital). Fifty-
seven of these patients were the subject of three prior
reports, each reflecting different eras of management.1-3
The more contemporary era encompassed 40 patients
treated from 1994 to 2006. Three children were Asian,
four were Hispanic, two were African American, and the
remaining 88 were white. Clinical data for the 97 patients
were analyzed in a retrospective review. This study was
approved by the University of Michigan Medical School
Institutional Review Board (HUM00006223).
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nal disease was revealing (Table I). The series included 58
boys and 39 girls, whose mean ages were 8.8 and 11.4
years, respectively. The mean age of the entire group was
9.8 years (range, 3 months to 17 years). Gender differences
were most notable in the 21 boys and 11 girls with coexis-
tent aortic disease. Follow-up averaged 4.2 years (range, 3
months to 42 years).
Blood pressure status. Refractory hypertension unre-
sponsive to optimal drug therapy was the basis for surgical
intervention in all but one of the 97 patients. The exception
was a patientwhose hypertensionwas controlledwithmultiple
drugs. The mean duration of known preoperative hyper-
tension was 10.5 months. The mean preoperative blood
pressure before drug treatment was 178/105 mm Hg and
155/94 mm Hg with drug therapy. Hypertension out-
comes were categorized using the most updated standards
of pediatric blood pressures based on age and gender.4 Pa-
tients were classified as cured if they were taking no antihy-
pertensive medications and they were normotensive for the
preceding 6 months, defined as blood pressures below the
expected 95th percentile. Patients were considered im-
proved if their blood pressures were within normotensive
Table I. Age and gender related disease pattern*
Age group
(years) Gender
Renal artery stenosis Abdom
Bilateral Unilateral Suprarenal,
0.25-3 7 M 3 Ost 4 Ost 1
1 Main
1 F — 1 Seg 0
1 An
4-8 23 M 12 Ost 7 Ost 6
2 Main 2 Seg
9 F 7 Ost 10 Ost 4
1 Seg
9-13 13 M 3 Ost 5 Ost 3
3 Main
2 Seg
1 An
11 F 4 Ost 3 Ost 4
1 Seg 3 Main
2 Seg
1 An
14-17s 15 M 9 Ost 2 Ost 8
1 Main 4 Seg
1 Seg 1 An
18 F 3 Ost 8 Ost 2
1 Main 4 Main
4 Seg
4 An
Ost, Ostial; Main, main renal artery; Seg, segmental renal artery; An, aneury
*Stenosis numbers exceeding the number of children in a given age and ge
†Includes one common celiacomesenteric-right renal artery trunk.
‡Represents post-radiation arteritis.
§Includes one diffuse aortic hypoplasia extending from celiac artery to aorti
**Includes one case of Takayasu’s aortoarteritis.ranges while on drug therapy exclusive of angiotensin-converting enzyme (ACE) inhibitors, or if their diastolic
pressures were higher than normal but 15% lower than
preoperative levels. Patients were considered therapeutic
failures if their diastolic pressures were higher than the
normal levels and not 15% lower than preoperative levels or
if ACE inhibitors were required for blood pressure control.
Asymptomatic hypertension was common in adoles-
cent patients. Nevertheless, nearly half of the older patients
had left ventricular hypertrophy reflecting long-standing
hypertension. Fatigue, lethargy, and cephalalgia were un-
common in older children. In contrast, symptomatic hyper-
tension and failure to thrive was often present in the very
young. Six of the younger patients had hypertensive sei-
zures, including three who had strokes, as the initial man-
ifestation of their hypertension. Only one patient, the se-
ries’ youngest, had severe deterioration of renal function
due to occlusion of both renal arteries. He presented with
multiple episodes of flash-pulmonary edema and required
intubation before his transfer to our institution. Two addi-
tional patients had moderate renal insufficiency, with dis-
tinct evidence of nephrosclerosis of the kidney opposite the
one affected with the renal artery stenosis.
Renal artery disease. Complex medial and perimedial
ortic coarctation
Splanchnic artery Comment-renal Infrarenal
1 (Occl) 2 2 NF
0 0 —
0 5† 6 NF
1 3 4 NF
1 4 3 NF
1 Inflammatory‡
0 1 3 NF
1 Inflammatory
1 8 1 NF
0 0 4 NF
2 Inflammatory**
F, neurofibromatosis.
roup reflect multiple stenotic arteries to an individual kidney.
rcation.inal a
inter
§
sm; N
nder g
c bifudysplastic disease, complicated with secondary intimal fi-
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stenoses in this series (Fig 1). Only four patients had clear
evidence of an inflammatory arteritis, including the series’
only documented case of Takayasu disease and two patients
with Moyamoya disease. Unilateral stenoses occurred 65
times, and bilateral stenoses were evident 47 times. Among
those patients with bilateral disease, six presented initially
with unilateral disease, with contralateral renal artery nar-
rowings evolving distant from their first recognized disease.
Ostial stenoses affected all 35 patients having abdomi-
nal aortic narrowings, and 34 of the 62 patients exhibited
no aortic disease (Fig 2). These arteries often had a gross
hourglass appearance, with visible narrowings immediately
adjacent to the aorta. However, the most critical narrowing
Fig 1. Typical renal artery ostial stenosis with a diameter of 3 mm
exhibiting proliferation of intimal tissues, internal elastic lamina
fragmentation, medial thinning, and excessive periadventitial elas-
tin (Movat stain, original magnification  200).
Fig 2. Ostial renal artery stenosis in a 4-year-old girl with neuro-
fibromatosis-1. A very narrow proximal artery (arrow) transverses
the aortic wall.was usually within the aortic wall itself and not grossly
visible, being recognized only on arteriographic studies.
Ostial narrowings, considered developmental in origin,
occurredmost often among this series’ 23 patients who had
evidence of neurofibromatosis-1. Midrenal arterial stenoses
were encountered less frequently in this updated experi-
ence, affecting only three of the most recently treated 40
patients, whereas 12 of 57 patients in our previously re-
ported series exhibited midrenal lesions (Fig 3).
Extraparenchymal segmental renal artery stenoses af-
fected 13 children as isolated lesions and five children who
also had main renal artery disease. Web-type second-order
segmental stenoses in two patients were the only intrapa-
renchymal lesions encountered in the series. Eight patients
exhibited renal artery aneurysms. Five aneurysms occurred
at renal artery bifurcations, and three affected the main
renal artery, including one that appeared to be a postste-
notic aneurysm.
Concomitant aortic and splanchnic arterial disease.
Abdominal aortic coarctations or hypoplasia affected 32
patients, including 19 who also had coexisting celiac artery
or superior mesenteric artery ostial stenoses. Five additional
children without aortic disease exhibited celiac and superior
mesenteric arterial stenoses. Only two of the 24 patients
with splanchnic artery lesions manifested classic intestinal
angina. No patient with aortic or splanchnic arterial disease
exhibited evidence of an acute inflammatory aortitis. Focal
suprarenal abdominal aortic coarctations affected 12 pa-
tients, inter-renal coarctations affected 15, tubular infrare-
nal coarctations affected 3, a terminal aortic occlusion
affected 1, and diffuse aortic hypoplasia extending from the
celiac artery to the aortic bifurcation occurred in 1. Multi-
ple renal arteries were present in 82% of those children who
had abdominal aortic narrowings near their renal arteries.
Diagnostic assessment. Conventional, catheter-based
arteriographic studies were undertaken in all patients. Most
arteriograms involved a femoral artery approach. Abdomi-
Fig 3. Magnetic resonance angiography study shows midrenal
artery stenoses (arrows) in 17-year-old girl, presumed to be inflam-
matory arteritis of unknown type.nal aortography with anteroposterior and lateral projec-
-72 an
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renal and splanchnic arteries. Magnification renal arterio-
grams were obtained in oblique projections to assess seg-
mental renal artery stenoses. Transaortic pressure measure-
ments were used to determine pressure gradients across
aortic narrowings when present.
Intravenous digital subtraction arteriography has been
used in small infants, with injection of contrast medium
into the right atrium, followed by subtraction imaging.
Thin-slice computed tomographic arteriography (CTA)
has recently been used as a less invasive means of assessing
the renal circulation. Magnetic resonance angiography
(MRA) was often used to screen patients in this series, but
because of frequent false-positive studies, it has not been
considered reliable enough to establish the exact degree of
a renal artery stenosis.
Hypertensive urography was found to be of limited
value at establishing the presence of pediatric renovascular
disease because of its lack of sensitivity to detect bilateral or
segmental renal artery disease. In fact, urograms have not
been used as a primary diagnostic test in any children in the
last 25 years. Similarly, although abnormal renin produc-
tion, reflected in elevated renal vein ratios or indices, has
been well documented in the past University of Michigan
Medical Center experience, it was used only twice during
the past decade in two patients with disease of equivocal
importance. Abdominal duplex ultrasonography had value
in monitoring patients postoperatively but was infrequently
used as a primary diagnostic test.
RESULTS
Renal artery reconstructive surgery. These proce-
dures were individualized, taking into account the patient’s
Table II. Primary renal artery operations
Time period (Patients treated) 1963-72 (21)† 1
Renal artery implantation to:
Aorta 0
Renal artery 0
Superior mesenteric artery 0
Aortorenal bypass with:
Saphenous vein graft 13
Iliac artery graft 0
Iliorenal bypass with:
Saphenous vein graft 0
Splenorenal bypass with:
Direct anastomosis 1
Resection with:
Primary reanastomosis 2
Arterioplasty with:
Miscellaneous techniques 3
Open Operative dilation 3
Planned nephrectomy due to:
Irreparable renovascular disease 1
Unplanned nephrectomy due to:
Technical operative failure 0
Total 23
*One patient listed twice with opposite renal artery disease treated in 1963anatomic disease as well as splanchnic arterial and aorticdisease. Nevertheless, our experience included certain gen-
eral tenets:
1. Use of a supraumbilical transverse abdominal incision
was favored, with medial reflection of the viscera to
allow wide exposure of the renal vasculature.
2. Patients received systemic anticoagulation before aortic
and renal artery clamping with the intravenous admin-
istration of sodium heparin (150 U/kg).
3. At the conclusion of reconstructing larger renal arteries
in adolescents, heparin anticoagulation was frequently
reversed with slow intravenous administration of prota-
mine sulfate at the rate of 1.5 mg/100 U of previously
administered heparin. In small vessel reconstructions in
infants and young children, protamine reversal was used
infrequently, and then only in the setting of difficulty in
assuring hemostasis.
4. Patients undergoing very small vessel reconstructions
invariably were given aspirin intraoperatively through
their nasogastric tube to lessen the risk of platelet accu-
mulation and thrombus formation at anastomotic sites.
5. Maintenance of a diuresis at the time of renal artery
dissection and reconstruction was facilitated by the in-
travenous administration of mannitol (0.17 g/kg).
6. In situ reconstructions were preferred to avoid disrupt-
ing pre-existing collateral vessels. Only one ex vivo
repair was undertaken in this series.
7. Intraoperative ultrasonography or Doppler studies
should be used in all cases to confirm the adequacy of
the renal artery reconstruction.
8. Although staged procedures were common in the earlier
University of Michigan experience, single-staged cor-
0 (13) 1981-93 (24)* 1994-06 (40) Total
1 9 39 49
0 5 2 7
0 3 0 3
2 1 0 26
1 6 4 11
0 2 1 3
0 1 0 2
1 0 1 4
1 1 5 10
1 0 0 4
1 4 6 12
0 1 0 1
8 33 58 132
d in 1981-93.973-8
1
1rective operations have become standard practice.
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dures were undertaken (Table II). Bilateral procedures
occurred 34 times, but accounted for only one of 20
procedures during the first decade of this experience com-
pared with 19 of the 40 most recently performed proce-
dures. The most common surgical procedure was renal
artery implantation into the aorta (n  49), the main or
segmental renal artery (n 7), and the superior mesenteric
artery (n  3). Aortorenal bypasses with vein grafts were
standard during the first decade of this experience (n 25),
but because more than half these conduits undergo aneu-
rysmal deterioration, they have not been favored during the
past 25 years (n 1).3,5 Instead, the internal iliac artery
used as a free graft (n  11) has become preferred for
aortorenal bypasses. Iliorenal bypasses using vein grafts,
covered with a Dacron mesh to prevent aneurysmal dila-
tion, have been performed when other forms of reconstruc-
tive procedures were not possible (n  3). Splenorenal
constructions with a direct anastomosis of the involved
vessels (n  2) were performed in the distant past, but are
not favored in contemporary times because of coexistent
or later development of a celiac artery stenosis. Resections
of the stenotic renal artery with primary reanastomoses
(n  4), focal arterioplasties (n  10), or open operative
dilations (n  4) were less common reconstructive proce-
dures.
Primary nephrectomy. Irreparable renal disease (n 
12) was the usual reason for performance of a nephrectomy.
Such irreparable renal disease included multiple intrarenal
aneurysms not amenable to any form of open reconstruc-
tion, in situ or ex vivo, and diminutive kidneys 2 to 3 cm in
size. In the presence of a normal contralateral kidney,
nephrectomy was reasonable. One unplanned primary ne-
phrectomy occurred after a technical failure of the intended
vascular repair.
Renal artery implantation. Implantation of the nor-
mal renal artery beyond an ostial stenosis has become an
Fig 4. Bilateral renal artery-aortic implantations in a 7-year-old
boy. Note the generous aortic anastomosis after spatulation of the
renal artery.important means of pediatric renal revascularization atthe University of Michigan. In these circumstances, the
transected renal artery was spatulated anteriorly and poste-
riorly to create a generous anastomotic orifice. An oval
aortotomy was made with an aortic punch, being a little
more than twice the diameter of the renal artery being
implanted. This provided a sufficiently large anastomosis so
an anastomotic narrowing would not evolve as the child
grows. These anastomoses were usually performed using
interrupted monofilament sutures; however, a continuous
suture was often used in older adolescents with large renal
arteries. Most implantations of the renal artery were into a
normal infrarenal segment of the aorta (Fig 4). Medial
mobilization of the kidney was often necessary to ensure
that there was no tension on the implanted renal artery.
Implantation of a renal artery branch or accessory renal
artery into a nondiseased adjacent main or segmental renal
artery also involved spatulation of the segmental vessel and
completion of the anastomosis using monofilament sutures
(Fig 5). Implantation of a renal artery into the superior
mesenteric artery was undertaken when implantation else-
where was deemed hazardous.
Aortorenal bypass. The internal iliac artery has been
favored for pediatric renal bypasses (Fig 6). The excised
internal iliac artery usually included its inferior branches,
which were incised to create a large common orifice for the
aortic anastomosis. Distal anastomoses from the renal ar-
tery to the graft were completed after spatulation of both
the iliac artery and renal artery to increase the anastomotic
circumference. Such ovoid anastomoses were less likely to
develop late strictures and were completed with interrupted
sutures in very young children, although a continuous
Fig 5. Segmental renal artery implantation into the distal main
renal artery (arrow) in a 15-year-old boy.
4-year-old boy.
Total 4
Distant from renal operation 0
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patients with stenoses of multiple renal arteries required
approximation of these vessels to each other to form a
common orifice to which an aortorenal graft was then
anastomosed.
Synthetic prosthetic grafts were not used for any of this
series’ primary renal artery procedures because of their
potential infectivity, technical difficulties in anastomosing
them to small arteries, and unpredictable long-term dura-
bility considering the many decades of life expectancy of
these children.
Secondary renal surgery. Repeat renal procedures
were done in 19 patients when the primary revasculariza-
tion proved unsuccessful (Table III). Nine secondary ne-
phrectomies followed a failed or failing primary reconstruc-
tive procedure. No one primary procedure appeared more
responsible for these reoperations, except for use of vein
grafts with two children exhibiting multiple renal infarcts
due to microembolization of thrombi arising within their
aneurysmal vein graft. Fifteen children underwent one re-
operation, two underwent two secondary operations, and
two others underwent three reoperations.
Aortic and splanchnic arterial surgery. Aortic and
splanchnic arterial reconstructions were performed at the
time of renal artery operations in 25 and 15 patients,
respectively, and at times distant from their renal proce-
dures in an additional five and two patients, respectively
(Table IV). The specifics of these nonrenal operations
deserve mention.
3) 1973-80 (6) 1981-93 (7) 1994-06 (3) Overall (19)
0 1 1 2
1 0 0 2
1 4 0 5
3 2 0 5
0 2 0 3
0 0 1 1
0 1 0 1
0 0 2 2
3 4 0 9
8 14 4 30
80 (13) 1981-93 (24) 1994-06 (40) Total
2 5 8 15
0 1 3 4
2 1 7 10
0 0 0 1
0 4 11 15Fig 6. Aortorenal bypass with an internal iliac artery graft in aTable III. Secondary renal artery operations
Time period of primary renal operation (Patients Treated) 1963-72 (
Aortorenal bypass with:
Iliac artery graft 0
Prosthetic graft 1
Saphenous vein graft 0
Aneurysmal vein graft plication 0
Arterioplasty of
Aortorenal bypass 1
Aortic implantation site 0
Implantation thrombectomy 0
Exploration for bleeding 0
Nephrectomy 2Table IV. Nonrenal aortic and splanchnic arterial operations
Time period (Patients Treated) 1963-72 (21) 1973-
Patch Aortoplasty
Coincident with renal operation 0
Distant from renal operation 0
Thoracoabdominal Aortic Bypass
Coincident with renal operation 0
Distant from renal operation 1
Splanchnic artery reconstruction
Coincident with renal operation 00 2 0 2
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rafluoroethylene (PTFE) patch (n  18) has become the
preferred means of treating isolated abdominal aortic co-
arctation or hypoplasia in children (Fig 7). Dacron patch
aortoplasty, which was used in the early experience, is no
longer used because of the concern that this material may
undergo late aneurysmal deterioration. Fifteen of these 19
patches were placed at the time of the renal operation.
Patches were made sufficiently large enough so as not to be
constrictive as the child grows into adulthood. Both patch
aortoplasty and bypass procedures were undertaken when
aortic narrowing above the renal vessels caused a gradient
of 10 to 15 mm Hg, sufficient to result in excessive renin
release from the kidneys.
Thoracoabdominal bypass. In certain instances, a pri-
mary thoracoabdominal bypass was favored over an aorto-
plasty because of the patient’s age and anatomic disease
affecting the renal or splanchnic arteries (Fig 8). Fabricated
Dacron prostheses (n  3) were used in the early experi-
ence, but PTFE prostheses (n 8) have been favored more
recently. Extraperitoneal reflection of the abdominal vis-
cera in these cases provided excellent access to the upper
abdominal aorta when that was to be the site of the bypass
origin. If a higher site was needed, a thoracotomy was
performed, and the graft was anastomosed to the supradi-
aphragmatic aorta. Grafts originating in the chest were
easily tunneled through the posterior diaphragm, behind
the left kidney to the distal aorta.
Splanchnic arterial reconstruction. Critical ostial ste-
noses of the celiac and superior mesenteric arteries were
present in 17 patients with developmental aortic and renal
artery narrowings. In 15 patients, it proved advantageous
to undertake reconstruction of these splanchnic arteries
when treating their renovascular disease. The basis for this
approach was partly related to the potential difficulty of any
future splanchnic vascular operation, if needed, and the
facility with which it could be accomplished at the same
time of the renal revascularization. In five patients, the
Fig 7. Renal artery-aortic implantations in a 6-year-old boy un-
dergoing proximal abdominal patch aortoplasty (arrow) for an
intrarenal abdominal aortic coarctation.normal celiac artery, after being transected beyond its ostialnarrowing, was placed as a patch over the narrowed aortic
origin of the superior mesenteric artery. In an additional
five patients, the mobilized superior mesenteric artery was
directly implanted into the anterior aorta below the left
renal vein. In general, reconstruction of the celiac or supe-
rior mesenteric arteries was undertaken only when these
vessels were in close juxtaposition to a concomitant aortic
or renal artery procedure.
Among this series’ patients, all of whom presented for
treatment of renovascular hypertension, nine did not have
their asymptomatic splanchnic vascular disease treated. In-
testinal angina subsequently developed in two of these
children, who later underwent intestinal revascularization.
The complex reconstructions involving the splanchnic ves-
sels in these patients have been previously described.6
Surgical outcomes. The number of patients in any
category of specific operative intervention was too small to
justify life-table outcome analyses. Nevertheless, the salu-
tary effects of operation on blood pressure control appear
to justify surgical therapy (Table V). The mean blood
pressure of all patients at the latest time of follow-up was
115/72mmHg. Benefits regarding blood pressure control
have accrued to 97% of children in the University of Mich-
igan series after operative therapy. Hypertension was cured
in 68 children (70%), improved in 26 (27%), and un-
changed in three (3%). Long-term benefits were more
common in the earlier experience. The latter was ascribed
to more frequent bilateral renal artery disease as well as
aortic and splanchnic arterial disease being treated in recent
Fig 8. Renal artery-aortic (white arrow) and superior mesenteric
artery-aortic (black arrow) implantations in a 16-year-old boy
undergoing a thoracoabdominal bypass for a suprarenal abdominal
aortic coarctation.
72 an
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worse by previous failures of percutaneous transluminal
angioplasty (PTA).
Renal revascularization eliminated the recurrent epi-
sodes of progressive azotemia and flash-pulmonary edema
in the series’ one patient with severe preoperative renal
insufficiency. The combined number of primary and sec-
ondary nephrectomies reflected unreconstructable renal
artery disease in more than half the cases. A potential
worsening of renal function among those undergoing ne-
phrectomy did not occur; in fact, dialysis did not occur in
any of the patients despite the loss of renal mass. There were
no operative deaths. One late death due to a myocardial
infarction occurred 4 years postoperatively in a patient with
Takayasu aortitis.
In the very early University of Michigan experience,
attempted PTA for orificial stenoses proved unsuccessful
and, thereafter, was rarely pursued as a primary therapeu-
tic modality. This caution was reinforced in that six of
the series’ most recently treated 40 patients were failures
of PTA performed elsewhere before they were treated at
our institution. Nevertheless, catheter-based interventions
were undertaken on two occasions in the University of
Michigan experience. Neither is included in this report,
which is limited to open surgical therapy. In the first
patient, an intraparenchymal stenosis affecting a second-
order segmental branch not amenable to direct reconstruc-
tion was successfully treated by infusing alcohol into the
diseased vessel with infarction of the distal renin-producing
renal parenchyma. In the second child, PTA was success-
fully used to dilate a focal web-like stenosis of a third-order
segmental branch.
DISCUSSION
Renovascular disease is the third most common cause
of hypertension in children after coarctation of the thoracic
aorta and parenchymal renal disease.7-9 The precise inci-
dence of this type of secondary hypertension in children is
unknown but is likely to account for 5% to 10% of those
exhibiting marked blood pressure elevations. The role of
renal artery disease and renal function in children has been
infrequently addressed in prior surgical series,3,10-14 with
one recent exception from Wake Forest University.15 Pedi-
atric renal artery stenoses represent a spectrum of diseases.
In this regard, the current study, with a preponderance of
developmental renal artery stenoses in North American
white children, is very different than the stenoses related to
Table V. Long-term control of hypertension*
Time period (Patients Treated) 1963-72 (21)† 1973
Cured 81% (17) 77
Improved 14% (3) 23
Unchanged 5% (1) 0
*See text for outcome definitions.
†One patient listed twice with opposite renal artery disease treated in 1963-inflammatory aortoarteritis that dominate reports from theAsian subcontinent.16-18 These differences must be ac-
counted for when interinstitutional reports are compared.
Children with neurofibromatosis-1, ranging from those
with minimal cutaneous lesions to those with major neuro-
logic and skeletal disease, have a relatively high incidence of
cardiovascular abnormalities, including hypertension due to
renovascular disease.19-22 The mechanisms contributing to
these mesenchymal vascular disorders in neurofibromatosis-1
patients are not known, but they appear to be developmen-
tal. Other children without neurofibromatosis-1, who have
stenoses of multiple renal arteries or abnormal aortic nar-
rowings, as affected children in the present series, also
appear to have developmental disease. These ostial stenoses
appear during fetal development as the two dorsal aortae
fuse and the metanephric arteries regress.
Recognition of renal artery stenotic disease in children
suspected of renovascular hypertension invariably requires
detailed vascular imaging. Conventional catheter-based
distal subtraction arteriography has been a standard but
may become uncommon with increasing availability and
use of newer CTA technology. Screening modalities in-
cluding MRA, nuclear renal scans that use ACE inhibitors,
and deep abdominal ultrasonography scans all have value
but are currently too inconsistent to be used as confirma-
tory diagnostic or prognostic tests.
The optimal treatment of pediatric renovascular hyper-
tension must be individualized given the child’s specific
renal artery disease. The University of Michigan experience
with aortic implantation of renal arteries has been unique
and avoids certain shortcomings of other procedures. Cer-
tainly, splenorenal reconstructions are rarely undertaken in
contemporary practice in that celiac artery ostial narrowings
may evolve later as the child grows and result in recurrent
hypertension. In addition, the use of autogenous vein
should be avoided, given our experience with carefully
prepared autogenous vein that underwent late aneurysmal
deterioration. The logic of undertaking single-staged vas-
cular reconstructive procedures when treating renal artery
disease in concert with aortic or splanchnic arterial disease
receives support from the current experience. The alterna-
tive, a later operation in the same anatomic area to treat a
second stenotic lesion, entails well-recognized difficulties
and hazards of reoperations.
The appropriateness of undertaking surgical therapy in
small infants is ill defined. Technical challenges exist in
reconstructing renal arteries2 mm in diameter, and renal
revascularization in these circumstances should be pursued
13) 1981-93 (24)† 1994-06 (40) Total
) 78% (19) 58% (23) 70% (68)
22% (5) 37% (15) 27% (26)
0% (0) 5% (2) 3% (3)
d in 1981-93.-80 (
% (10
% (3)
% (0)only when uncontrolled severe hypertension or renal failure
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University ofMichigan patient, who weighed only 4.7 kg at
the time of operation for bilateral renal artery occlusions.
Renal revascularizations are most likely to be successful
after age 3 years, and deferring reconstructive procedures in
younger children when possible is reasonable. Drug treat-
ment of hypertension in the very young child may be
difficult and requires frequent and fastidious monitoring.
Large clinical experiences with pediatric-aged renovas-
cular hypertension are uncommon. The University of
Michigan series involving 97 patients and three other re-
ports describing patients treated during a similar time pe-
riod deserve mention. No other published reports exceed
50 cases.
An important series was reported from the Hospital
Beaujon in France.11 That series, consisting of 78 children
(35 boys, 43 girls) aged 1.4 to 18 years, reported 91
primary revascularization procedures and 15 nephrecto-
mies. These numbers were quite similar to the 119 primary
revascularization procedures and 13 primary nephrecto-
mies undertaken in the University of Michigan series. This
French experience included patients with complex aortic
and splanchnic renal artery disease, being very comparable
with those described in the current report.
A second important series emanated from The Cleve-
land Clinic and involved 56 children (23 boys and 33 girls)
aged 0.7 to 21 years.13 The authors reported 46 primary
operations and 10 primary nephrectomies. A third series
was from Vanderbilt University and the Children’s Hospi-
tal of Philadelphia. This experience included 50 children
(24 boys, 26 girls) aged 0.4 to 16 years.14 These children
underwent 28 primary reconstructive procedures and an
additional 12 primary nephrectomies. The latter two series,
unlike the University of Michigan experience, did not
contain many patients treated for aortic or splanchnic arte-
rial disease.
Outcomes for blood pressure control were remarkably
similar at the University of Michigan, Vanderbilt University–
Children’s Hospital of Philadelphia, and The Cleveland
Clinic, with respective cure rates of 70%, 70%, and 66%;
reported improvement rates of 27%, 26%, and 23%; and
failure rates of 3%, 4%, and 11%. Surgical therapy in all three
of these experiences consisted of conventional open oper-
ative interventions.
The role of PTA in treating pediatric renovascular
hypertension remains controversial.23,24 Failure after PTA
for developmental disease might be anticipated, given the
excessive elastic tissue in many stenoses, which would pre-
dictably contribute to early postdilation recoil, as well as the
minute caliber of these diseased vessels that might lead to
their disruption. Nevertheless, a small number of recent
reports suggest success with catheter-based interven-
tions.17,18,25 It is of note that if the disease being treated is
a quiescent inflammatory aortoarteritis, then more salutary
outcomes would follow PTA than might be the case if devel -
opmentally hypoplastic renal arteries were being treated;
however, even in the former setting, recurrent stenoses are
frequent.17-18CONCLUSION
Pediatric renovascular hypertension is likely to be
considered more frequently as children are screened for
blood pressure and cardiac abnormalities more often. In
the future, less invasive diagnostic testing will facilitate
confirmation of renal artery disease. Conventional surgi-
cal revascularization emphasizing direct renal artery im-
plantations and single-staged concomitant aortic and
splanchnic arterial reconstructions offer excellent results.
However, these children are often critically ill, the pro-
cedures are frequently complex, and optimal care re-
quires long-term follow-up.
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Dr Kimberley Hansen (Winston-Salem, NC). The questions
I have are two. The first involves simultaneous treatment of asymp-
tomatic visceral vascular disease. We have not treated asymptom-
atic disease unless the visceral lesion was in the same area of
exposure for the renal artery reconstruction, say, a hypoplasia that
involved both the visceral artery origins and the renal artery ori-
gins. In those instances, when you haven’t repaired the visceral
arteries, how many kids have returned with either acute or chronic
visceral syndrome?
The second question has to do with the use of nephrectomy.
The real challenge in these patients is that these repairs have to
work for 50, 60, 70 years. How do you balance the value of
nephrectomy versus disease untreated as regards to renal function?
That is, when would you consider leaving renovascular disease
unrepaired, either primary or recurrent, versus nephrectomy and
loss of renal function?
Dr James C. Stanley.The only time we believe it is reasonable
to reconstruct the celiac or superior mesenteric arteries is when
undertaking a patch aortoplasty or renal artery reconstruction in
immediate juxtaposition to these splanchnic vessels. That was the
case in 15 of our patients. Otherwise, to reconstruct these arteries
if distant from the aortorenal reconstruction may not be appropri-
ate. However, two of the nine patients initially untreated for their
splanchnic artery narrowings developed later intestinal angina with
postprandial abdominal pain and a failure to grow. They both
underwent late splanchnic arterial reconstruction.
Dr Hanson and his group have published much on renal
function related to pediatric renovascular hypertension. We en-
countered only one patient with intractable preoperative renal
failure. This was a 3-month-old infant with diastolic dysfunction,
a creatinine of 1.1, and recurrent flash-pulmonary edema. Other
patients had significant renal insufficiency, with creatinines of
0.7 or 0.8, when they’re 3 or 4 years old, which is clearly out of
the norm for that age group, considering their gender and the
muscle mass and all. In these patients it would be hazardous to
undertake a nephrectomy. Nevertheless, a number of our nephrec-
tomies were performed for kidneys 1.5 to 2.0 cm in size that
contributed little to overall renal function.
Although the original nephrectomy rate in this series was low,
the secondary nephrectomy rate was higher, perhaps because we
initially tried to reconstruct some irreparably diseased renal arter-
ies. Certainly, it is reasonable to defer renal artery reconstruction if
such carries a high risk for failure. We have not encountered that
scenario, but the prohibitively small size of renal arteries in a
newborn might be, and delaying operative therapy in this setting is
not unreasonable.
Dr Louis Messina (San Francisco, Calif). Dr Stanley, I com-mortality and zero incidence of postoperative renal failure is some-
thing to which we all aspire in everything we do in vascular surgery.
You have set a very high standard. In addition, you’ve introduced
new techniques, and particularly the reimplantation of the renal
artery as the favored technique at Michigan. You mentioned that
30 of the 40 most recent patients had midrenal artery lesions.
Could you share with us what you did in order to be able to
reimplant those arteries without tension? In other words, did you
mobilize the kidneys? How did you secure them? A second ques-
tion is what type of follow-up are you currently employing in those
patients? Do you have an idea of what the relative incidence of
recurrent stenosis is?
Dr Stanley. The University of Michigan experience includes
mostly patients having ostial developmental lesions, and only 15
midrenal artery stenoses. The latter were treated most often with
an aortorenal bypass using an internal iliac artery graft. Manage-
ment of proximal ostial lesions included incision of Gerota’s fascia
about the lateral kidney allowing it to be mobilized medially so as
to reimplant the renal artery beyond the stenosis without tension.
Absorbable sutures were frequently placed through the perinephric
fascia to anchor the kidney to the retroperitoneal structures.
Follow-up included early postoperative imaging before dis-
charge, usually with conventional arteriography. Later follow-up
included careful blood pressure monitoring, ultrasonography, and
arteriography if recurrent hypertensin occurred. Among this expe-
rience, 78 patients required only one operation, with the initial
procedure being successful. However, 19 required reoperation,
and in most all, excepting our early experience with aneurysmal
vein grafts, the issues requiring a secondary procedure were evident
with predischarge imaging. Late anastomotic narrowings were
uncommon, affecting nine of the 132 kidney revascularization
procedures.
Dr Peter Gloviczki (Rochester, Minn). I have a couple of
technical questions.
How do you make a decision of a long abdominal or thoraco-
abdominal patch versus a bypass? I noticed you used PTFE, when,
especially in small children, if you would use a crimped Dacron
graft that would maybe allow more for longitudinal growth.
Then one final question. Would endovascular treatment in
some children be useful in spite of the elevated risk of recurrent
stenosis in a few years? It could delay open reconstructive surgery
in children and allow us to operate on larger blood vessels of teens
or young adults.
Dr Stanley. The real issue regarding treatment of coexisting
aortic disease is whether to do a patch aortoplasty or a thoracoab-
dominal bypass. If an aortic and renal reconstruction is to be done
just once, then a patch aortoplasty is preferred. However, because
of small aortic size or if one anticipates reoperation later, than a
